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The tarnished plant bug, Lygus lineolaris (Palisot de Beauvois), is considered the most
economically important pest of midsouth cotton. This study was designed to understand the
impact of tarnished plant bug populations in the later weeks of flowering cotton and residual
effects of novaluron with subsequent applications. Experiments evaluated dynamic threshold
approaches in the later flowering period of midsouth cotton, the impacts of novaluron plus
subsequent applications at the 3rd week of square, as well as residual properties in a laboratory
experiment. Results suggest that a dynamic late season approach can reduce the amount of
insecticide applications targeting tarnished plant bug with no penalty to yield. Populations were
observed at lowest densities where applications of novaluron were tank mixed with an adulticide
(acephate) at the 3rd week of square. Results of this experiment will be important in refining
seasonal management recommendations for tarnished plant bug in midsouth cotton production
systems.
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CHAPTER I
INTRODUCTION
Cotton
Cotton (Gossypium spp.) is the world’s most important textile crop (Smith and Cothren,
1999). The Gossypium genus contains around 40 species dispersed across the world mostly in
tropical and subtropical regions, however only a few species are grown commercially (Fryxell,
1986). Cultivation of the crop has occurred for at least 7,000 years with remnants of fabric found
by archeologists in Mexico dating from 3500 B.C. (Cotton Inc.). Domestication of cotton is
unique in that four species were cultivated for the same purpose independently in separate
isolated regions of the world, these species are G. barbadense, G. herbaceum, G. arboretum, and
G. hirsutum (Smith and Cothren, 1999). The first known cotton production in the United States
is believed to have begun in Florida (NCC). Gossypium hirsutum, or upland cotton, is the
primary species of cotton grown throughout the United States. Upland cotton is grown in
approximately 95% of cotton fields due to its ability to grow in various conditions as well as its
abundant and easily ginned fibers (Robertson and Roberts, 2010). The remaining fields are often
planted to Gossypium barbadense, or Pima cotton.
Production
Cotton is one of the most widely produced and most valuable agricultural crops in the
world being grown in over 100 counties across 32.94 million hectares in 2020 (NASS, 2019).
The crop is grown predominately for its fibers which produce quality textiles making it a
1

valuable global trade item. However, cotton seed is also a marketable commodity as it is used in
livestock feeds, cooking oils, soaps, and cosmetics (Alford et al., 1996). Global leaders in cotton
production are India, China, and the United States producing 30 million, 27 million, and 17
million bales, respectively of the 117 million total bales projected worldwide in 2020. The
United States is the world leading exporter of cotton, trading 4,343,600 kilograms in 2019 with a
national average yield of 922 kg ha-1 (NASS, 2019).
In 2019 the United States grew 5,558,640 hectares resulting in 19,912,500 bales of
cotton. Of those national hectares the state of Mississippi accounted for 287,326 which produced
1,621,000 bales of cotton yielding an average of 1,246 kg ha-1 (NASS, 2019). Cotton is an
economically important crop throughout many agronomic areas of Mississippi. The crop was
ranked as the fourth most valuable agricultural commodity in the state in 2019 with a production
value of 585 million dollars (MDAC, 2019). The state of Mississippi ranked third in terms of
national production following Texas and Georgia (NASS, 2019).
Biology
Cotton is a woody, perennial shrub with an indeterminate fruiting habit that is grown as
an annual crop in monoculture systems (Ritchie et al., 2007). Cotton has the most complex
structure of all major field crops that can be categorized into five growth stages: germination and
emergence, seedling establishment, leaf area and canopy development, flowering and boll
development, and maturation (Oosterhuis, 1990). Growth stages may be predicted by calendar
days after planting, total node counts, nodes above white flower, fruiting structure formation, or
plant height. However, a more predictable method is heat unit accumulation. This provides an
estimated unit of plant growth based on the minimum and maximum daily temperature. The
minimum growing temperature for cotton is 15.5ºC. To calculate heat units, the daytime high and
2

low temperatures are averaged together, and the threshold temperature is subtracted (Oosterhuis,
1990).
Development in early stages may appear slow based on above ground growth, however,
radicle growth is rapid. Germination begins once the seed absorbs water and oxygen allowing
dormant tissue to swell initiating cellular growth and division. The radicle, later known as the
taproot, grows into the soil to supply water and nutrients reaching as deep as 25.4 cm in the
cotyledon stage (Oosterhuis, 1990). Within the first 50 to 60 heat units or five to six days, the
hypocotyl emerges, and cotyledons unfold giving way to the plants growing point (Ritchie et al.,
2007).
The first true leaf appears approximately seven days after seedling establishment shifting
the plant to vegetative growth and energy sources from storage to photosynthesis (Oosterhuis,
1990). Environmental conditions play a vital role in seedling establishment, poor conditions such
as low soil temperature and crusting can delay onset of vegetative growth, reducing seedling
vigor (Ritchie et al., 2007). Once vegetative growth is established, main stem leaves form nodes
approximately every three days. Branches are characterized as monopodial (vegetative) or
sympodial (fruiting). The main stem and typically lower two to four branches are considered
vegetative, but some may produce fruiting structures (Ritchie et al., 2007).
Reproductive branches, or fruiting branches are comprised of meristems and axillary
meristems which are dependent upon vegetative growth (Mauney, 1986). Within 40 days, the
plant will reach first square or pinhead square which usually occurs on the fifth to sixth node.
Squares are the flower buds of cotton prior to bloom and plants will produce approximately 1618 fruiting branches with two to five fruiting structures per branch (Jenkins et al., 1990). Squares
3

that have first formed are known as pinhead squares which become match-head squares after
they have grown about a third in size, the last stage before flowering is known as the candle
(Ritchie et al., 2007).
Flowering occurs around 21 days after the first pinhead square. When a flower first opens
it is white and pollination occurs quickly. The second day flowers will appear pink, and red on
the third day; bloom tags eventually dry down and fall off after five to seven days to form a boll
(Ritchie et al., 2007). As the crop continues to grow, blooms will move up a node every three
days and will move outward one position every six days on the same node (Oosterhuis, 2008).
Once bolls are pollinated a three-week process of enlargement, filling, and maturation begins
(Ritchie et al., 2007).
Nodes Above White Flower (NAWF) is a measurement used during the flowering period
to determine the number of nodes between the upper most first position white flower to the
terminal (Bourland et al., 1992). The cessation of effective flowering or physiological maturity is
reached at approximately NAWF 5 due to lack of heat units left in growing seasons for
subsequent bolls to mature (Bourland et al.,2001). With the indeterminate growth habit of cotton,
the use of chemical plant growth regulators and defoliants is beneficial for growers to manage
rank growth and promote high yield potential (Oosterhuis and Robertson, 2000). Harvest aids are
used to control regrowth of the perennial shrub and help terminate the crop, as well as aid in
opening bolls which may allow harvest timing to be manipulated (Logan and Gwathmey, 2002).
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Arthropod Pests
Cotton grown throughout the midsouthern region of the United Sates can encounters a
multitude of pests that may require intense management to prevent yield losses. The presence of
arthropod species varies throughout the developmental stage of the crop. Early planted fields are
documented to receive more favorable growing conditions and avoid late season insect pests but
may be prone to cold-stress or seedling disease sometimes associated with early planting
conditions (Christiansen and Rowland, 1986).
During the seedling stage thrips, Franklinella spp., are likely present across the cotton
belt, and infestations can cause reduced seedling vigor, plant stunting, or mortality indirectly
reducing yield (Cook et al., 2011). Thrips damage is characterized by discoloration of lower leaf
surface, as well as, deformed leaves (Leigh et al., 1996). Other early season pests observed
include cotton aphid, Aphis gossypii (Glover), black cutworm, Agrotis ipsilon (Hufnagel), or
three-cornered alfalfa hopper, Spissistilus festinus (Say) (Catchot et al.,2020).
Mid to late season pests includes the bollworm, Helicoverpa zea (Boddie), and tobacco
bud worm, Heliothis virescens (F.), both of which feed directly upon fruiting structures.
Pentatomids, or stinkbugs, may occasionally occur in large populations warranting treatment as
their salivary enzymes cause small boll abortion or boll warts which reduce fiber quality and
seed size (Barbour et al., 1990). The tarnished plant bug, Lygus lineolaris (Palisot de Beauvois),
is a key pest of cotton throughout Mississippi and the midsouth. L. lineolaris feed upon
terminals, squares, flowers, and occasionally small bolls of cotton plants causing fruit abscission
and yield loss. (Leigh et al., 1996).
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Tarnished Plant Bug
Biology and Ecology
The tarnished plant bug, Lygus lineolaris (Palisot de Beauvois), is a member of the order
Hemiptera and classified within the largest family of the true bug order, Miridae. Tarnished plant
bugs have one of the largest species and host plant ranges amongst insects, feeding on over 300
documented species (Young, 1986). Many of these host plants are abundant, early successional
weeds which can allow high populations of plant bug establishment prior to moving to
agricultural hosts (Layton, 2000). Furthermore, Capinera (2001) stated that over half of the
cultivated species grown throughout the United States are known hosts for tarnished plant bugs.
Tarnished plant bug is a known phytophagous feeder and, as other Hemipterans, exhibits
piercing-sucking mouthparts which inject a digestive salivary enzyme into the plant to feed more
effectively (Triplehorn and Johnson, 2005). They preferentially feed on small fruiting forms and
flowers of host plants for the young and tender growth. The digestive enzymes cause much
greater disruptive effects to the plant than the loss of tissue consumed by the insect itself
(Layton, 1995). The nature of this feeding method can be generally summarized into five types
of plant damage, i.e., localized wilting and tissue necrosis, abscission of fruiting forms,
morphological deformation of fruit and seed, altered vegetative growth, or tissue malformations
(Tingey and Pillimer, 1977).
Tarnished plant bug has a hemimetabolous life cycle starting as an egg, then progress
through five nymphal instars, and adulthood. The complete life cycle takes 22 to 46 days to
complete depending on ambient temperature (Fleischer and Gaylor, 1988; Snodgrass et al.,
1984). The short life cycle allows the multivoltine species to produce anywhere from five to
seven generations per year in midsouth climates. Female tarnished plant bugs may lay up to 175
6

eggs at an ideal temperature of 27ºC of which they embed into fresh plant tissue such as small
buds and terminals (Layton, 1995; Ugine, 2012).
Damage to Cotton and Sampling
The tarnished plant bug is a major pest of various agronomic crops across the United
States; and one of the most yield limiting pests of cotton in midsouth production systems after
eradication of the boll weevil, Anthomous grandis (Boheman), and introduction of transgenic
cotton varieties to better control tobacco budworms and bollworms (Helicoverpa spp.)
(Snodgrass and Scott, 2003). In the midsouthern United States, 94% of flowering cotton fields
were found to harbor tarnished plant bugs (Musser et al., 2007). This was explained ecologically
by Layton (2000) as heavily cropped areas support a lower host diversity causing large numbers
of tarnished plant bugs to congregate and migrate to suitable hosts. Greatest yield losses occur
during the first four weeks of flowering (Wood et al., 2016). However, tarnished plant bug
damage may occur during all reproductive growth stages of cotton (Layton, 1995). Tarnished
plant bugs prefer to feed on small to medium sized squares, as well as young terminals and bolls,
causing abscission or malformation of fruiting structures resulting in yield losses (Layton, 2000).
Sampling for tarnished plant bug allows growers to manage infestations before economic
injury occurs. Prior to bloom, adults migrate into cotton fields to feed on small terminals and lay
eggs. The most effective sampling method for monitoring adults prior to bloom is conducted
with a 38 cm diameter sweep net (Musser et al, 2009). After first bloom, nymphs become more
of a concern as field populations build. At this time, a drop cloth is recommended to observe
nymphs more effectively as drop cloths have been recorded capturing 65% of plant bug nymph
populations while a sweep net recorded only 16% (Snodgrass, 1993). Musser et al. (2007) stated
that sampling time of day was not important regardless of sampling method, however, a 22%
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increase in nymphs found was observed when utilizing a black colored drop cloth compared to a
standard white fabric cloth.
The tarnished plant bug has become the primary target of foliar applied insecticides in
midsouth cotton production systems (Musser et al., 2007). Effective scouting for this pest with
the utilization of both sweep net and drop cloths is critical to minimize economic losses (Catchot
et al., 2020). The Mississippi State University Insect Control Guide for Agronomic Crops
recommends treatment when 8 or more plant bugs are captured in 100 sweeps during the first
two weeks of squaring. Once the crop has reached the third week of squaring through bloom
action is required once population exceeds 3 bugs per 1.52 m of row or 15 bugs per 100 sweeps.
Chemical Control
Insecticides are the primary method for tarnished plant bug control, usually requiring
multiple applications across midsouth production areas to adequately control the pest (Wood et
al., 2016). In 2020, 98% of midsouth cotton was treated for tarnished plant bug infestations with
an average of 3.8 applications across treated fields (Cook and Threet, 2021). Midsouth tarnished
plant bug populations have developed resistance to organophosphates and pyrethroids due in part
to large scale applications of malathion used for boll weevil eradication (Cook et al., 2007;
Snodgrass, 2008). Resistance to these chemistry classes has resulted in more frequent
applications requiring growers to consider tank mixing insecticides for increased control which
has in turn lead to an increase of input costs.
Areas of Louisiana, Arkansas, and Mississippi have detected resistance to acephate, one
of the most commonly used insecticides across the region. This issue has led to the need for a
new insecticide class to better control tarnished plant bug populations (Copes et al., 2010;
Snodgraass and Scott, 2002). Sulfoxaflor is a relatively new chemistry classified as a
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sulfoximine (4C) insecticide with activity on piecing-sucking pests by utilizing a unique action
with nicotinic receptors (Watson et al., 2011; Zhu et al., 2011). Currently there is no known
resistance in tarnished plant bug populations to sulfoxaflor and the compound has been proven to
provide good control of tarnished plant bug populations (Siebert et al., 2012). Another relatively
new and effective insecticide is an insect growth regulator, novaluron. Labeled in 2001,
novaluron is a benzoylphenyl urea compound that inhibits chitin synthesis production and
disrupts the molting process of immature arthropods (Hajjar and Casida, 1978; Cutler and ScottDupree, 2007). The insecticide is primarily taken up by the insect through ingestion, however
contact exposure may also result in mortality. There is no documented resistant to this
formulation, but there is variability in susceptibility amongst midsouth tarnished plant bug
populations (Parys et al., 2016). Novaluron fits into todays integrated pest management programs
as it has minimal effect on beneficials such as pollinators, parasitoids, and natural enemies, as
well as low toxicity to vertebrates i.e., mammals and birds (Cutler and Scott-Dupree, 2007). The
product is primarily used for larvicidal control, however Catchot et al. (2020b) showed that
exposure to the insecticide resulted in detrimental effects to female tarnished plant bug
reproductive development reducing fecundity. There have also been cases where novaluron can
provide long-lasting residual control after application, however little data have been published
verifying this account.
To effectively manage tarnished plant bug populations, it is vital to utilize an overall
integrated pest management plan as reliance on insecticides is not sustainable economically or
environmentally (Gore et al., 2015). Cultural tactics can combat Lygus infestations such as
promoting earliness through variety selection and planting date, which significantly reduces the
amount of chemical control required for management (Adams et al., 2013). Another tactic is
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avoid planting small blocks of cotton near corn or soybeans as this allows a high population of
Lygus to build (source) and migrate into cotton (sink). Lowering nitrogen rates to 90 kg ha-1
resulted in fewer plant bug applications (Samples, 2014). Irrigation timing may also aid in plant
bug management, Woods et al. (2016) found that initiation of irrigation at first square resulted in
more insecticide applications than initiating irrigation at first flower and peak flower. In high
pressure situations, sequential applications are often needed to reduce tarnished plant bug
populations below economically damaging levels (Gore et al., 2010). Lastly, insecticide rotation
is important to avoid overexposure and lead to compounding resistance issues. To minimize
tarnished plant bug damage incorporating as many tactics as possible is vital to ensure economic
control of pest populations.
More recent literature suggests spray termination phenology is also an alternative that
midsouth growers may utilize to minimize insecticide applications and input costs. Current
termination is recommended once the plant reaches cut out, or when five nodes are above the
uppermost first position white flower NAWF 5 plus 350 heat units (Catchot et al., 2020a).
However, this monitoring method is not widely adopted by producers, resulting in many
midsouth cotton growers making one to two additional applications annually due to lack of
monitoring NAWF and/or heat unit accumulation. There is a need for a more simplified
insecticide termination method to prevent unwarranted applications, such as week of bloom or
flower to better correlate with current recommendations of heat unit accumulation (Crow et al.,
2020). Late season applications targeting tarnished plant bug populations become more difficult
and expensive as insecticide resistance increases throughout the growing season resulting in
frequent, tank mix applications to reduce tarnished plant bug infestations (Snodgrass and Scott,
2000; Thrash et al., 2013) These applications during the late flowering period are only protecting
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a small portion of the crops overall yield, but potentially come at a premium price for growers.
With the high input cost associated with late season tarnished plant bug control, reducing the
number of applications made during this time could greatly improve grower profitability if no
direct loss of yield is seen. Data from Woods et al. (2016) showed no significant reduction in
yield when terminating insecticide applications after the fourth week of flowering. Furthermore,
Crow et al. (2020) showed that termination of insecticides at the fifth week of flower aligns with
current management recommendations of NAWF 5 plus 350 heat units and that in some
instances at the fourth week of flower growers may terminate applications without a significant
yield loss.
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CHAPTER II
A DYNAMIC THRESHOLD APPROACH TO MANAGEMENT OF TARNISHED
PLANT BUG [HEMIPTERA: MIRIDAE] IN THE MIDSOUTH REGION
OF THE UNITED STATES
Abstract
One of the most economically important pests of cotton, Gossypium hirsutum L., in the
midsouth region of the United States is the tarnished plant bug, Lygus lineolaris (Palisot de
Beauvois). Tarnished plant bug populations across the region have exhibited widespread
resistance to numerous insecticide classes. To minimize late season resistance build-ups,
reducing unwarranted applications during the late flowering period can aid in resistance
management and potentially reduce input costs. Trials were conducted during 2019 and 2020 to
evaluate the impacts of tarnished plant bug populations in the later flowering period of cotton by
modifying or terminating threshold regimes during the later weeks of bloom. Results showed that
dynamic thresholds altered at the fourth week of bloom or later can reduce the number of late
season applications made with no penalty to yield. Additionally, when utilizing a week of bloom
termination approach, no significant yield losses were seen when terminating applications after
the fourth week of bloom. These data may offer an alternative method to managing tarnished
plant bug populations during the later flowering period of midsouth cotton.
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Introduction
The tarnished plant bug, Lygus lineolaris (Palisot be Beauvois), is one of the most
economically important cotton pests in the midsouth region. Cotton producers in the area rely
upon numerous foliar insecticide applications targeting this pest to protect the crop from
significant yield losses (Williams, 2016; Wood et al., 2016). Foliar insecticide applications have
become more frequent as widespread resistance to organophosphate and pyrethroid formulations
persist amongst tarnished plant bug populations (Snodgrass 1996; Snodgrass et al. 2009). In
2020, 98% of midsouth cotton was treated for Lygus infestations receiving a mean of 3.8
applications across treated fields, this resulted in an average amount of $233.14 ha-1 attributed to
the losses and costs of control associated with pest throughout the region (Cook and Threet,
2021). This reliance on insecticidal control is economically unsustainable for many producers
given the current market value of the crop along with a consistent production price increase over
the last 20 years (Crow et al., 2020).
Tarnished plant bug may infest cotton during any phenological growth stage (Tugwell et
al. 1976). However, most tarnished plant bug damage occurs to floral buds (squares), flowers,
and fruit (bolls) with feeding on smaller structures resulting in abscission (Russell, 1999). Larger
squares and bolls may not abscise but may show signs of necrosis, later affecting pollination of
flowers and indirectly impacting boll set (Pack and Tugwell, 1976). Chemical control is heavily
utilized across midsouth cotton production areas to control yield limiting infestations. Due to
current tarnished plant bug populations exhibiting resistance to several conventional insecticide
classes, this strategy has become less effective. Growers often must make more frequent
applications to manage high density populations that subsequently inflates production costs
(Snodgrass, 1996; Snodgrass and Scott, 2000; Snodgrass et al., 2009). To sustain grower
18

profitability, given high input costs and low cotton prices, midsouth cotton producers can
potentially benefit from improved late season tarnished plant bug management tactics.
Cotton producers in the midsouth utilize a variety of cultural control tactics to minimize
Lygus damage. Promoting earliness through variety selection and planting date was documented
to significantly reduce foliar insecticide applications targeting tarnished plant bug (Adams et al.,
2013). Nitrogen fertilizer rates applied at 90 kg ha-1 maximized cotton yields and may save
producers one to two insecticide applications annually by minimizing the attractiveness of the
crop (Samples, 2014). Termination timing of insecticides also plays a vital role in minimizing
input costs while still protecting yields; therefore, monitoring fields until the recommended
termination point is vital. Considerable research has been conducted to develop current
insecticide termination recommendations that are based upon node above white flower (NAWF)
counts plus heat unit accumulation. While accurate, this method is not widely utilized among
pest managers across the midsouth demonstrating the need for a more simplistic approach for
termination. In some cases, ignoring current insecticide termination guidelines can result in one
to two additional insecticide applications (Crow et al., 2020). This is undesirable as field failures
become more prevalent with insecticide classes such as neonicotinoids, pyrethroids, and
organophosphates suggesting increased insecticide resistance (Snodgrass, 1996; Snodgrass et al.,
2009; Zhu and Luttrell, 2015). Unwarranted applications drive production costs higher with
minimal yield return as an average tarnished plant bug insecticide costs $87.29 ha-1 per
application in the midsouth (Cook and Threet, 2021).
In an initial attempt to develop a more simplistic approach to insecticide termination
phenology, Woods et al. (2016) utilized week of bloom to determine which weeks were most
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sensitive to yield loss from tarnished plant bug. The study showed that terminating insecticide
applications after the fourth week of bloom resulted in no significant yield losses observed. This
demonstrates that the early to mid-flowering period is the most critical time to protect the crop.
Another study showed that NAWF 5 plus 350 heats was reached, on average, at the end of the
fifth week of bloom and termination at that time corresponds with current recommendations
(Crow et al. 2020). However, yield loss has been associated with tarnished plant bugs in the later
period of flowering (Musser et al., 2009). The objective of this study was to gain a better
understanding of the tarnished plant bug’s ability to cause yield losses in later flowering periods
of cotton while also evaluating the potential to modify treatment thresholds during this period to
reduce the amount of unwarranted late season insecticide applications.
Materials and Methods
An experiment was conducted to evaluate the potential use of a dynamic threshold
approach for tarnished plant bug management at multiple locations across the southern
Mississippi River Delta region during the growing seasons of 2019 and 2020. Sites in 2019 were
located at Glendora, MS; Sidon, MS; and two locations at in Stoneville, MS. In 2020, sites were
located at Sidon, MS and St. Joseph, LA. Planting dates occurred between 23 May and 10 June
of 2019, and 7 May and 11 May of 2020. All sites were planted at a rate of 135,899 seed ha-1 on
raised, conventional tilled beds. Variety selection expressed both high yielding two and three
gene cotton cultivars to minimize damage from lepidopteran pests (Deltapine 1646 B2XF,
Bollgard II®, Monsanto Co., St. Louis, MO; Deltapine 1835 B3XF, Bollgard 3®, Monsanto Co.,
St. Louis, MO; or PHY400 W3FE, Widestrike™, Corteva Agrisceince, Indianapolis, IN). Plot
sizes measured eight rows wide and 12.19 meters in length, except for Louisiana which
measured 13.71 meters long. Row spacing varied across locations. Sites at Sidon and Glendora
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were planted on 96.52 cm centers while remaining sites were planted on 101.6 cm centers. All
plots were separated with an unplanted alley at a minimum of 1.52 meters wide. Plots were
managed uniformly across each test to minimize damage from weeds and other arthropods. All
other pests were managed in accordance to current guidelines utilizing methods known to have
no activity on tarnished plant bug. Natural occurring tarnished plant bug populations were
utilized at each study sites for both growing seasons.
All locations were arranged in a randomized complete block design with four
replications at each site. Prior to bloom all tarnished plant bug samples were taken with a
standard 38 cm sweep net (25 Sweeps/plot) once per week. After first bloom, all plots were
sampled with a 0.76 m black drop cloth. Two drops per plot were taken at each site weekly.
Threshold for current management practices were based on Mississippi State University
Extension Services recommendations of eight tarnished plant bugs per 100 sweeps or three per
0.76 meters of row when utilizing a black drop cloth (Catchot et al. 2020). Treatments included
an untreated control, weekly automatic insecticide applications, insecticide applications based on
current threshold, insecticide applications based on current threshold during weeks 1-4 of bloom
and no application weeks 5 and 6 (Dynamic 1), insecticide applications based on current
threshold during weeks 1-4 of bloom and a 2X threshold during weeks 5 and 6 (Dynamic 2),
insecticide application based on current threshold during weeks 1-3 of bloom and a 2X threshold
during weeks 4-6 (Dynamic 3), insecticide applications based treated on current threshold during
weeks 1-3 of bloom with a 2X threshold during week 4 and 5 and 3X threshold week 6
(Dynamic 4), and insecticide application based on current threshold during weeks 1-3 of bloom
with a 2X threshold during week 4 and a 3X threshold during weeks 5 and 6 (Dynamic 5) (Table
2.1). Dynamic management thresholds were calculated after weekly scouting by an average of
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the four replicates per treatment. If a treatments weekly average triggered a threshold, an
insecticide application was made to reduce tarnished plant bug densities. All treatments were
applied with a MudMaster high clearance sprayer calibrated to deliver 93.5 L ha-1 with TX6
hollow cone nozzles at 276 kPa. or by a CO2 pressurized 4 nozzle, 2 row boom also delivering
93.5 L ha-1. The primary insecticide utilized was sulfoxaflor (Transform WG™, Corteva
Agrisceince, Indianapolis, IN) at (1.120 kg ai ha-1) to achieve desired control. All plots were
harvested at physiological maturity by harvesting rows four and five with a John Deere 9900 two
row spindle type picker equipped for small plot research except the Sidon location in 2020. Due
to excessive rainfall at harvest this site was harvested via hand picking 3.04 meter of row per plot
from a representative portion of row four or five. Seed cotton yield was recorded and adjusted to
kg ha-1 using 40% lint turnout.
All data were analyzed with a general linear mixed model analysis of variance (PROC
GLIMMIX, SAS 9.4, SAS Institute, Cary, NC). Treatments were considered fixed effects.
Replication and replication nested in year were considered random effects. Differences in
LSMEANS were determined with Tukey’s HSD. Differences were considered significant at
α=0.05. Additionally, the relationship between number of insecticide sprays and cotton yields
and economic returns were analyzed with regression analysis (PROC GLM, SAS 9.4, SAS
Institute, Cary, NC). Number of insecticide sprays was considered the independent variable and
yield, or economic return was considered the dependent variable. Both linear and quadratic terms
were included to determine the best fit model.
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Results and Discussion
Mean seasonal density of tarnished plant bug differed by treatment threshold (F= 11.00;
df= 7,1107; P<0.0001) (Figure 2.1). More tarnished plant bugs were found in the untreated
control than any other treatment. The weekly automatic spray treatment harbored fewer tarnished
plant bugs than all other treatments. As expected, the untreated control plots harbored nearly
twice as many tarnished plant bugs on average than other treatments. Additionally, no Dynamic
threshold treatments differed from the currently used threshold treatment, this indicates that the
dynamic treatments are equally as effective at reducing tarnished plant bug populations to levels
of current recommendations. Number of total applications for tarnished plant bugs was
influenced by treatment (F= 269.35; df= 7,179; P<0.0001) (Figure 2.2). More applications were
made to the weekly automatic plots than plots assigned to any other treatment. More sprays were
needed where tarnished plant bugs were managed using the current threshold than any of the
Dynamic thresholds, all the Dynamic thresholds resulted in similar numbers of insecticide
applications. This indicates that the use of dynamic treatment thresholds can reduce the number
of insecticide applications while maintaining tarnished plant bug densities at levels similar to
those observed when the current treatment threshold was used. Cotton yields in the untreated
control were lower than all other treatments (F= 7.01; df= 7,152.8; P<0.0001) (Figure 2.3).
Cotton yields were similar among all spray treatments including the weekly automatic sprays, the
current static threshold, and all dynamic thresholds.
Throughout the study, tarnished plant bug populations remained above current threshold
levels in the untreated control plots from the second week of bloom until the study ended after
the sixth week of bloom (Table 2.4). Tarnished plant bug infestations peaked during the fifth
week of bloom (Figure 2.4). Weekly automatic treatments maintained tarnished plant bug
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densities below the economic threshold throughout the blooming period. Similarly, results from
Crow et al. (2020) illustrated that midsouth cotton fields reach current termination
recommendations of NAWF 5 plus 350 heat units near the end of week five of bloom. There was
a quadratic relationship observed between number of insecticide sprays and cotton yields. Cotton
yields increased rapidly from zero to three sprays and then began to level off (Figure 2.5). There
was a slight yield increase from three to four sprays, but benefits were minimal after four sprays.
A similar quadratic trend was seen regarding economic returns, where returns were maximized at
approximately four applications (Figure 2.6). Additionally, there were no economic advantages
observed after making more than four insecticide application in these tests. This indicates after
four applications there was no advantage to additional applications as no yield or economic
increases were observed.
These data are similar to the findings of Wood et al. (2016) who showed the importance
of controlling tarnished plant bug populations during the early flowering period to inhibit late
season populations and protect overall yields. Results of this study show how modifying
insecticide regimes targeting tarnished plant bugs at the fourth week of bloom or later resulted in
similar yields when compared to current recommendations yet required fewer insecticide
applications. Additionally, terminating tarnished plant bug applications after the fourth week of
bloom showed no yield losses when compared to the weekly full protection. Results of this study
indicate that a dynamic approach to managing tarnished plant bug across midsouth production
fields can be utilized in the later weeks of bloom to reduce late season applications and minimize
production costs associated with controlling the pest with no penalty to yield. However, these
data do not offer precise recommendations on how late season thresholds for tarnished plant bug
can be modified due to varying pressure by week of bloom and location of study. Because it
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would appear that thresholds can be modified without yield penalty after the fourth week of
bloom, future research should focus on traditional methodology utilized in developing economic
injury levels for tarnished plant bug in cotton during weeks four through six of the bloom period.
Further examination of a dynamic threshold approach may also be evaluated in Thryvon® (Bayer
CropScience, St. Louis, MO, USA) cotton varieties, which express the Bt protein
Cry51Aa2.834_16. These cultivars offer transgenic control of tarnished plant bug populations by
expressing insecticidal properties shown to reduce foliar applied insecticide applications (Corbin
et al., 2020; Graham et al., 2019). Management of Thryvon cotton utilizing a dynamic week of
bloom approach may vary from non-Thryvon cotton, similar to current recommendations of
bollworm, Helicoverpa zea (Boddie), in Bollgard II®, Monsanto Co., St. Louis, MO or Bollgard
3®, Monsanto Co., St. Louis, MO cotton (Catchot et al., 2020).
These data along with Woods et al. (2016) and Crow et al. (2020) make a strong case for
growers to utilize a dynamic threshold during the later weeks of bloom (weeks four through six)
to manage midsouth tarnished plant bug populations and reduce inputs. Reducing amounts of late
season applications can also prove beneficial by minimizing insecticide exposure to aid in
resistance management, insecticide resistance levels in tarnished plant bug populations are
known to increase throughout the growing season (Snodgrass and Scott, 2000). Furthermore,
control of tarnished plant bug populations utilizing a dynamic week of bloom approach may play
a key role in managing midsouth tarnished plant bug populations when incorporated into current
cotton insect pest management strategies.
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Table 2.1

Dynamic tarnished plant bug (TPB) threshold treatments

Weekly treatments thresholds by week of bloom: Control = Untreated control; Auto = Weekly
automatic protection; Current = Current MSU TPB threshold; DYN 1 = Current threshold week
1-4, untreated week 5-6; DYN 2 = Current threshold Week 1-4, 2X current threshold week 5-6;
DYN 3 = Current threshold Week 1-3, 2X current threshold week 4-6; DYN 4 = Current
threshold Week 1-3, 2X current threshold week 4-5, 3X current threshold week 6; DYN 5 =
Current threshold Week 1-3, 2X current threshold week 4, 3X current threshold week 5-6.
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Figure 2.1

Seasonal means of tarnished plant bug populations per treatment

Means separated by a common letter are not significantly different according to Tukey’s HSD
(α=0.05)
Treatments in respective order: Control = Untreated control; Auto = Weekly automatic
protection; Current = Current MSU TPB threshold (6 TPB/ 3.04 m of row); DYN 1 = Current
threshold week 1-4, untreated week 5-6; DYN 2 = Current threshold Week 1-4, 2X current
threshold week 5-6; DYN 3 = Current threshold Week 1-3, 2X current threshold week 4-6; DYN
4 = Current threshold Week 1-3, 2X current threshold week 4-5, 3X current threshold week 6;
DYN 5 = Current threshold Week 1-3, 2X current threshold week 4, 3X current threshold week
5-6.
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Figure 2.2

Average number of applications triggered per each treatment regime

Means separated by a common letter are not significantly different according to Tukey’s HSD
(α=0.05)
Treatments in respective order: Control = Untreated control; Auto = Weekly automatic
protection; Current = Current MSU TPB threshold (6 TPB/ 3.04 m of row); DYN 1 = Current
threshold week 1-4, untreated week 5-6; DYN 2 = Current threshold Week 1-4, 2X current
threshold week 5-6; DYN 3 = Current threshold Week 1-3, 2X current threshold week 4-6; DYN
4 = Current threshold Week 1-3, 2X current threshold week 4-5, 3X current threshold week 6;
DYN 5 = Current threshold Week 1-3, 2X current threshold week 4, 3X current threshold week
5-6.
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Figure 2.3

Mean lint yield (kg ha-1) by treatment

Means separated by a common letter are not significantly different according to Tukey’s HSD
(α=0.05)
Treatments in respective order: Control = Untreated control; Auto = Weekly automatic
protection; Current = Current MSU TPB threshold (6 TPB/ 3.04 m of row); DYN 1 = Current
threshold week 1-4, untreated week 5-6; DYN 2 = Current threshold Week 1-4, 2X current
threshold week 5-6; DYN 3 = Current threshold Week 1-3, 2X current threshold week 4-6; DYN
4 = Current threshold Week 1-3, 2X current threshold week 4-5, 3X current threshold week 6;
DYN 5 = Current threshold Week 1-3, 2X current threshold week 4, 3X current threshold week
5-6.
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Figure 2.4

Mean weekly tarnished plant bug populations per 3.04 meter of row

Weeks 1-6 represent the first 6 weeks of bloom or flower during boll development of midsouth
cotton.
Dashed line represents current threshold per Mississippi State University guidelines of 6
tarnished plant bug/ 3.04 meters of row.
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Figure 2.5

Regression plot representing mean yield production (kg ha-1) per number of
applications triggered across various threshold regimes
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Figure 2.6

Figure 2.6
Regression plot representing mean economic returns ($ ha-1) when
considering number of applications made

For economic analysis calculated, gross revenue of the crop was determined by amount of yield
(kg ha-1) produced from each plot at a market value of $0.34/kg. plus, a standard sulfoxaflor
application fee of $27.34 ha-1 and airplane application rate of $13.59 ha-1.
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CHAPTER III
RESIDUAL EFFECTS OF NOVALURON AND EFFICAY OF SUBSEQUENT
APPLICATIONS TO EFFECTIVLY CONTROL MIDSOUTH TARNISHED
PLANT BUG POPULATIONS
Abstract
Novaluron is often utilized in the early square development period of cotton in the
midsouthern United States to control immature Lygus populations. Preventing field populations
of tarnished plant bug from reaching economically damaging levels is vital when protecting
cotton yield. Field and laboratory experiments were conducted in 2019 and 2020 to better
understand impacts of initial novaluron applications, efficacy of subsequent insecticides, and
residual activity of novaluron. Tarnished plant bug populations had less impact on yield of cotton
when an insecticide with adult activity was applied with novaluron at the third week of squaring.
Laboratory assays were preformed with cotton terminals in water picks to monitor residual
activity of novaluron. Results were inconclusive due to high control mortality and indicate that
refinement of water pick bioassays are needed. The results of this study can aid in the
development of laboratory water pick design as well as considerations when utilizing novaluron
at the third week of square.
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Introduction
There are multiple yield limiting insect pests of cotton; however, the tarnished plant bug,
Lygus lineolaris (Palisot de Beauvois), is the most economically important pest throughout the
midsouth region of the United States including areas of Arkansas, Mississippi, Louisiana,
western Tennessee, and southeastern Missouri. Insecticides are utilized as the primary form of
control and typically, numerous applications are required annually to control the pest (Wood et
al., 2016; Williams, 2017; Cook, 2019). Resistance to several insecticide classes such as
pyrethroids, organophosphates, carbamates, and neonicotinoids now persist amongst the
midsouth Lygus populations, marking a need for alternative modes of action to manage
infestations (Snodgrass, 1996a; Snodgrass, 1996b; Snodgrass, 2008). Jutsum et al. (1998) stated
that resistance management should begin with introduction of novel chemistries. As insecticide
chemistries have progressed over recent years, biorational insecticides have emerged to deliver
valuable new modes of action. Chitin synthesis inhibitors, such as novaluron (Diamond®
0.83EC, ADAMA USA, Raleigh, NC), represent a unique group of insect growth regulators
(IGRs) available to cotton producers as an alternative to manage tarnished plant bug infestations.
Novaluron was first registered in the United States in 2001 labeled for cotton,
ornamentals, and other food crops (United States Environmental Protection Agency [US EPA]
2001). This insecticide exhibits selective toxicity toward target pests and minimal impact of nontarget species such as predators, parasitoids, and pollinators (Cutler and Scott-Dupree, 2007).
Known to target immature arthropods among Coleoptera, Diptera, Hemiptera, and Lepidoptera
(Ishaaya et al., 1996), novaluron is a benzoylphenyl urea or insect growth regulator (IGR) that
disrupts the molting process of immature pests. The chitin synthesis inhibiting formulation
interrupts transportation of proteins that form polymeric chitin, altering the integrity of the
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endocuticle later causing molt inhibition and eventual death (Hajjar and Casida, 1978; Cutler and
Scott-Dupree, 2007).
During the molt period of immatures, novaluron affects chitin production and was
originally thought to only effect immature stages of susceptible insects. However, results from
various studies have demonstarted impacts on adult insects as well. Novaluron ingestion
negatively affectes both male and female hatch rates as well as female tarnished plant bug
oviposition (Catchot et al., 2021). While uptake of the insecticide is primarily by ingestion,
exposure via contact has also been observed (Ishaaya et al., 2003). Data from Catchot et al.
(2021) also indicated that ingestion of novaluron by tarnished plant bug adults was more
effective than contact exposure, however, contact with treated foliage up to one day after
application often led to the same trends, later decreasing nymph populations. When adult females
of any age were exposed to novaluron, a reduction in egg viability was seen in addition to
ovarian malformation in newly reproducing adults (Catchot et al., 2020). Labratory studies
conducted by Owen et al. (2011) showed that novaluron is much more active against first instar
nymphs as compared to second and fifth instars. Other field trials have shown significant yield
increases when tank mixing novaluron with other insecticides targeting tarnished plant bugs
(Graham, 2020).
Tarnished plant bug damage typically damages small to medium sized flower buds
(squares), but other fruiting structures such as terminals and small bolls can also be damaged
(Tugwell et al., 1976). Feeding damage to smaller fruiting structures generally results in
abscission, while older squares are normally maintained. For larger sized fruiting structures
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which do not abscise, boll set may be impacted if damage to flower anthers is severe enough
(Layton, 2000).
To minimize yield losses attributed to midsouth tarnished plant bug populations,
extensive research has been conducted to better understand the pest and its impact in cotton.
Studies have shown that applying novaluron at the third week of squaring improved tarnished
plant bug control and cotton yields (Gore et al., 2010, Owen et al., 2011, Dobbins et al., 2014).
As insect growth regulators are known to have no lethal impact on adult populations, a tank
mixture incorporating an insecticide with adult activity is typically used (Catchot et al., 2014).
Properly timed novaluron applications in conjunction with other integrated pest management
(IPM) practices can help producers minimize reliance upon frequent insecticide applications
(Graham, 2020). This research seeks to better understand residual activity of novaluron and
evaluate both early season and subsequent insecticide efficacy to control tarnished plant bug
across midsouth cotton production areas.
Materials and Methods
Field study
Trials were conducted to determine management effects on tarnished plant bug
populations treated with novaluron and efficacy of subsequent insecticide treatments across
various locations in MS, AR, and TN in 2019 and 2020. Locations in 2019 were at Lonoke, AR;
Jackson, TN; two planting dates in Stoneville, MS; Sidon, MS, and Glendora, MS. Sites in 2020
were located at Sidon, MS; Glendora, MS; and Stoneville, MS. Experiments were designed as a
randomized complete block and a split-plot arrangement with four replications. Main-plot
treatments consisted of two levels of insecticides: in 2019, early applications of novaluron at
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0.096 kg ai ha-1 (Diamond® 0.83EC, ADAMA USA, Raleigh, NC) or acephate at 0.840 kg ai ha1

(Orthene 97, AMVAC Chemical Corporation, Los Angeles, CA) were applied to plots at the

third week of squaring, while in 2020, applications of acephate at 0.840 kg ai ha-1 or novaluron at
0.096 kg ai ha-1 plus acephate at 0.840 kg ai ha-1 were applied at the same time interval. The
addition of acephate to novaluron treatments in 2020 was to further quantify season long impacts
when incorporating an insecticide with adult activity along with novaluron.
Sub-plot treatments included six different insecticides applied seven to ten days
following whole-plot insecticide application to measure the efficacy on TPB populations. Subplot insecticide treatments consisted of an untreated control, dicrotophos (Bidrin 8E, Amvac
Chemical Company, Walnut Creek, CA), sulfoxaflor (Transform WG™, Dow AgroSciences,
Indianapolis, IN), bifenthrin (Brigade® 2EC, FMC Corporation, Princeton, NJ), thiamethoxam
(Centric®, Syngenta Crop Protection, Inc., Greensboro, NC), and oxamyl (Vydate® C-LV,
DuPont Crop Protection, Wilmington, DE) to represent a variety of insecticide classes and were
applied at labeled rates (see Table 3.1). Plots were sampled at 4, 7, 10, and 14 days after sub-plot
applications with a black 0.76 m. drop cloth, taking two samples per plot at each respective
sampling interval.
Sites across both growing seasons were planted at a rate of 135,899 seed ha-1 on raised,
conventional tilled beds. Planting dates in 2019 occurred between 20 May and 13 June, and
between 7 May and 11 May 2020. At each location a high yielding two or three gene Bt cotton
cultivar (Bollgard II®, Monsanto Co., St. Louis, MO, Bollgard 3®, Monsanto Co., St. Louis,
MO, or Widestrike™, Corteva Agrisceince, Indianapolis, IN) was selected to minimize damage
from lepidopteran pests. The sub-plots consisted of four rows of cotton measuring 12.20 to 15.25
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m in length separated by an unplanted 3.05 m ally. Lonoke, AR; Jackson, TN; and all Stoneville,
MS locations were planted on 101.6 cm rows, whereas the Glendora and Sidon, MS sites were
planted on 96.52 cm rows for each site year. All treatments were applied with a MudMaster™
(Bowman Manufacturing, Newport, AR) high clearance sprayer calibrated to deliver 93.5 L ha-1
with TX6 hollow cone nozzles at 276 kPa. Standard production practices were followed
according to the corresponding university extension recommendations in each state.
Management of other arthropods was achieved by utilizing insecticides known to have no
activity on tarnished plant bug. Established tarnished plant bug populations were naturally
occurring across all locations for 2019 and 2020. Cotton yield was determined by harvesting the
center two rows at physiological maturity with a John Deere 9900 two row modified spindle-type
picker equipped for small plot research. Seed cotton yield was recorded and adjusted to kg lint
ha-1 using 40% turnout.
All data were analyzed with a general linear mixed model analysis of variance (PROC
GLIMMIX, SAS 9.4, SAS Institute, Cary, NC). Treatments were considered fixed effects.
Replication and replication nested in year were considered random effects. Means were
separated using Tukey’s HSD procedure at the 0.05 level of significance.
Laboratory study
A series of five bioassays were conducted over time in Starkville, MS during 2020 to
gain a better understanding of novaluron residual control on tarnished plant bug nymphs. Each
experiment was arranged as a randomized complete block design with four replications.
Deltapine1646 B2XF (Bollgard II®, Monsanto Co., St. Louis, MO) was planted on 10 May at a
rate of 135,850 seed ha-1. Cotton was planted on raised, conventional tilled beds set at 96.52 cm
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centers. Plots measured four rows wide and 12.19 meters in length with each replication
separated by a 1.52 m unplanted alley.
Treatments included foliar applications of novaluron (Diamond® 0.83EC, ADAMA
USA, Raleigh, NC) at 0.096 kg ai ha-1, acephate at 0.840 kg ai ha-1 (Orthene 97, AMVAC
Chemical Corporation, Los Angeles, CA), and an untreated control. All foliar applications were
made with a MudMaster high clearance sprayer calibrated to deliver 93.5 L ha-1 with TX6
hollow cone nozzles at 276 kPa. Thresholds for all other arthropod management practices were
based on Mississippi State University Extension Services recommendations, utilizing methods
known to have no activity on tarnished plant bug. Five cotton terminals were randomly selected
from the center two rows of each plot to use in laboratory evaluations. Terminal samples were
removed at intervals of 1 hour, 1 day, 3 days, 7 days, and 10 days to test true residual of chosen
insecticides when exposed to environmental conditions.
Five terminal leaf tissue samples were carefully removed from each plot at 1 hour, 1 day,
3 days, 7 days, and 10 days after foliar insecticide application. Terminals were cut with garden
shears and sealed in 3.8 L Ziploc® bags to eliminate contamination across samples before being
transported to the laboratory. During terminal removal from the field or during the handling of
terminals for the laboratory bioassay, new nitrile gloves were used for each individual plot for
precautionary measures. Terminals were then placed in constructed water picks which consisted
of a 473.18 mL upright plastic cup fitted at the base with a plastic test tube of water. Terminals
were placed into test tubes capped with a punctured rubber top to hold the terminal upright and
prevent loss of water. Three third instar tarnished plant bug nymphs from a laboratory colony at
the Mississippi State University Insect Rearing Lab were infested onto each of the five terminals.
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A standard plastic lid with small holes punctured on top for proper aeration was then added to
contain nymphs. After infestation “water picks” were then monitored for mortality at 96 hours
after infestation to allow all chemistries sufficient time for control. For evaluation, all nymphs
within each water pick were recorded as alive, dead, or missing. Nymphs were considered dead
only
All data were analyzed with a general linear mixed model analysis of variance (PROC
GLIMMIX, SAS 9.4, SAS Institute, Cary, NC). Treatments were considered fixed effects.
Replication and replication nested in year were considered random effects. Means were
separated using Tukey’s HSD procedure at the 0.05 level of significance.
Results and Discussion
Field study
In 2019, no insecticide treatment following a split-plot initial treatment of novaluron or
acephate during the third week of squaring impacted tarnished plant bug nymphs either
independently or across all treatments (Table 3.2). However, plots treated with dicrotophos,
bifenthrin, and sulfoxaflor yielded higher when following an initial acephate treatment compared
to a novaluron treatment. Overall, insecticides applications following an acephate application
yielded higher than those following a novaluron application in 2019 (Table 3.3) Sample period
also did not have an influence on tarnished plant bug by nymphs in 2019 (Table 3.4).
In 2020, insecticide treatments following either novaluron plus acephate or acephate
alone made a significant difference on tarnished plant bug nymph abundance. Cotton treated with
dicrotophos, thiamethoxam, and oxamyl all averaged lower tarnished plant bug nymph numbers
when following a novaluron plus acephate application than when following acephate alone.
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Untreated plots that only received novaluron plus acephate had fewer plant bug nymphs than
plots that only received acephate during the third week of squaring and were not followed with
an additional insecticide application. Overall, plots that initially received novaluron plus
acephate had fewer tarnished plant bug nymphs than plots that received only acephate regardless
of application. (Table 3.2). At every sample interval in 2020, plots treated during the third week
of square with novaluron plus acephate had fewer tarnished plant bug nymphs than plots that
were treated with acephate alone (Table 3.4). In 2020, only plots treated with bifenthrin and
thiamethoxam following novaluron plus acephate yielded higher than an initial acephate only
treatment during the third week of squaring. However, overall plots treated with novaluron plus
acephate during the third week of squaring yielded higher than plots that were treated with only
acephate during the same period.
These data clearly show the benefits of utilizing an insect growth regulator such as
novaluron for residual properties in the early squaring period when peak adult migration is
occurring. Additionally, the benefits shown of an insecticide with adult activity on overall
efficacy, efficacy of subsequent products, and yield shows the importance of controlling adults
early as well as the importance of a residual when nymphs are expected to be hatching.
These data are similar with Owen et al. (2011) that the use of novaluron early can provide
increased efficacy of tarnished plant bug control and protect cotton yield. However, these data
also indicate that to fully benefit from the residual properties of an IGR such as novaluron, that
growers must also tank mix an insecticide with adult activity similar to results found in Graham
(2020). The success of this approach is likely due to migrating adults being controlled before
economic damage from feeding and extensive egg lay occurs. Additionally, control of local
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nymph populations hatching into the residual of the novaluron, and the potential reduced
fecundity rates of remaining tarnished plant bug adults by the IGR noted in Catchot et al. (2020)
prove beneficial. This strategy may prove useful in breaking the initial early season buildup of
tarnished plant bugs moving into flowering cotton fields which are most susceptible to yield loss
(Woods et al., 2016). While it is unclear whether the use of novaluron plus acephate compared to
acephate alone early in the season is actually increasing efficacy of subsequent products or
simply helping subsequent products maintain the increased control of the initial application due
to low numbers of nymphs, it clearly has a positive effect on long term control of tarnished plant
bug populations and may be further exasperated by product choice. When comparing data in
2019 to 2020 where an insecticide with adult activity was incorporated, we were able to clearly
show the additive effect on long term nymphal control and demonstrate the importance of early
season management of tarnished plant bug. Furthermore, data from this study also indicate that
if TPB populations are controlled early and adequately, a broad array of insecticides may be
utilized to further manage field populations. This can allow a more diverse range of insecticides
to be effective, allowing for rotation of insecticide classes as well as providing growers with an
option to utilize a more economic late season management approach.
Laboratory study
Applications of novaluron and acephate both provided significant control of third instar
tarnished plant bug nymphs when compared to an untreated control up to seven days after
application when exposed to field conditions (Table 3.5). During the early sampling periods, 1
hour and 1 day intervals, acephate provided greater control than novaluron. However, the two
insecticides provided similar levels of mortality at the 3 and 7 day samples. Generally, efficacy
declined over time with both products as novaluron ranged from 76% mortality at 1 hour after
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application to 38% mortality 10 days after application. Acephate ranged from 98% mortality 1
hour after application to 41% mortality 10 days after application (Table 3.5). These data are
somewhat surprising because residual control on novaluron is generally considered to be much
greater than acephate.
Numerous designs and methodology were tested to perfect an assay method for tarnished
plant bugs using water picks however, after continual design refinement, control mortality for
this study was calculated at 30.2%. While relatively high compared to standard glass via
bioassays, the design utilized provided the greatest survival of controls (Table 3.5). The high rate
of mortality in these water picks may be attributed to various parameters such as pathogens and
other microorganism present on terminals that when removed from the field and placed into a
favorable moist, cool environment greatly intensify and result in undesirable mortality.
These data suggest that both insecticides when applied alone provide comparable control
of third instar tarnished plant bug nymphs from a laboratory population up to seven days after
application and exposed to field conditions. They did not demonstrate any differences in residual
control between the two. These data also suggest that further work may be warranted to further
improve the design of water picks to lower mortality rates in control and provide more precise
results.
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Table 3.1

Rates of sequential treatments following applications at third week of square
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Table 3.2

Seasonal means of midsouth tarnished plant bug nymphs per treatment

Means separated by a common letter are not significantly different according to Tukey’s HSD
(α=0.05
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Table 3.3

Mean yield (kg ha-1) per treatment

Means separated by a common letter are not significantly different according to Tukey’s HSD
(α=0.05)
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Table 3.4

Means of tarnished plant bug nymphs observed at each sampling period

Means separated by a common letter are not significantly different according to Tukey’s HSD
(α=0.05)
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Table 3.5

Average mortality percent rating of third instar tarnished plant bug nymphs in
water picks by exposure intervals

Means separated by a common letter are not significantly different according to Tukey’s HSD
(α=0.05)
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CHAPTER IV
CONCLUSION
The overall objective of this research was to evaluate the potential of modifying current
threshold levels and insecticide termination timings targeting the tarnished plant bug, Lygus
lineolaris (Palisot de Beauvois), in midsouth cotton production systems based on a week of
bloom approach. This included evaluating termination of insecticides at various points during the
flowering period, increasing treatment thresholds during the later weeks of bloom, and number
of applications required of each threshold regime. Numerous studies have shown current
tarnished plant bug threshold recommendations may be terminated at the fourth week of bloom
or later with no penalty to yield. Additionally, literature states that current termination of
insecticides at NAWF 5 plus 350 heat units typically occurs at the fifth week of bloom in
midsouth cotton. As insecticide resistance of tarnished plant bug populations increases
throughout the growing season and many midsouth producers applying an additional one to two
late season applications due to lack of monitoring current termination recommendations,
reducing the amount of late season applications aids in resistance management, as well as
reduces input costs associated with the pest. In this study, terminating insecticide applications at
the fourth week of bloom did not have an impact on seasonal tarnished plant bug densities or
amount of lint produced when compared to current recommendations or any other dynamic
treatment regime. Furthermore, when considering the number of applications triggered, all
dynamic threshold treatments resulted in fewer insecticide applications throughout the study.
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These results indicate through a user-friendly week of bloom termination method that ceasing
applications targeting tarnished plant bugs at the fourth week of flower or utilizing dynamic late
season thresholds reduces the amount of insecticide exposure during this period with no penalty
to yield.
Another portion of this research was to establish residual effects from novaluron
applications regarding immature tarnished plant bug control, as well as efficacy of subsequent
applications. When observing initial applications across field trials, novaluron alone did not
provide any increased performance regarding amount of tarnished plant bug nymphs observed
when compared to acephate. However, when incorporating an insecticide with adult activity
(acephate) with early novaluron applications a significant increase in yield and reduction of
immature Lygus densities was observed compared to acephate alone. Laboratory studies
concluded no differences in residual control of novaluron compared to acephate, however, this
was attributed to high control mortality rate in water picks design rather than product
performance and suggests refinement of the water picks bioassay method.
Seasonal densities of tarnished plant bugs showed the greatest measure of control was
achieved at the third week of square when applying a tank mix of novaluron plus acephate. The
combination of the insect growth regulator and an adult active insecticide provided the greatest
early season control measure during peak adult migration and hatching of immatures.
Additionally, results indicated that when adequate control of Lygus populations is achieved early
in the growing season a broad array of insecticide chemistries may be utilized to continue desired
control.
As resistant Lygus populations cause continued control issues for midsouth cotton
producers utilizing management strategies to increase efficacy of insecticide use is paramount.
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Results of these studies indicate early season midsouth tarnished plant bug infestations can be
effectively managed utilizing novaluron plus acephate to achieve adequate control. Controlling
populations early season keeps field populations from building and allowing rotation of
insecticide chemistries. Additionally, utilizing a dynamic tarnished plant bug threshold at or after
the fourth week of bloom was shown to reduce the amount of insecticide usage yet achieve high
yields comparable to an unrealistic season long control.
Further research may focus on a more precise definition regarding a specific dynamic
threshold regime throughout weeks four to six of bloom. Results of this study and previous
studies suggest that insecticide terminations targeting the tarnished plant bug may be terminated
or altered at the fourth week of bloom, however a specific threshold regime for these later weeks
of bloom has noy been identified. Additionally, further refinement of the water picks bioassay
methodology is warranted in order to reduce overall control mortality and facilitate further
examination of arthropod pest management from plant tissues exposed to environmental
conditions.
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